Objectives: Use of electronic cigarettes has dramatically increased in the United States since 2010, with a forecasted growth of 37% between 2014 and 2019. There is little research on e-liquid nicotine concentration from domestic manufacturers. However, limited research outside of the United States found wide inconsistencies between the labeled concentration of nicotine in e-liquids and the actual nicotine concentration. Methods: The 7 most popular online manufacturers or distributors were identified. E-liquid samples of the 5 most popular flavors from each manufacturer were purchased in nicotine concentrations of 0 and 18 mg/mL. Of the samples purchased (n ¼ 70), all were labeled as produced in the United States of America. The researchers anonymized the samples before sending them to an independent university laboratory for testing.
U se of electronic cigarettes (ECs) has dramatically increased in the United States (US) since 2010, with a forecasted growth of 37% between 2014 and 2019 (Mintel Group Ltd, 2015 . Currently in the US, about 15% adults smoke tobacco cigarettes and an additional 3% use ECs on a regular basis. In comparison, 3.6% of 8th grade adolescents smoke tobacco cigarettes and 9.5% use ECs. By the 12th grade, use of tobacco and ECs increases almost 2-to 3-fold, with rates of 11.4% and 16.2%, respectively, in this population (US Department of Health and Human Services, 2016) .
Electronic cigarettes are composed of a battery unit that heats a coil around a wick containing the e-liquid solution, which aerosolizes it into a dense white vapor. This solution can be held in a tank or reservoir on top of the EC unit, or alternatively, it can be dripped directly onto the wick and coils.
E-liquid typically is available in nicotine concentrations of 0, 3, 6, 12, 18, or 24 mg/mL. It is available in a multitude of flavors. Vendors sell it online or locally. Some consumers also mix e-liquid solution themselves, using readily available ingredients or kits sold online.
The consumable component to EC is a solution (eliquid) which contains 4 major ingredients: vegetable glycerin, propylene glycol, nicotine, and flavoring. These ingredients are mixed into solution by large manufacturers or at small, local retail shops, and, in turn, sold to consumers via online websites or retail stores. These e-liquid solutions are potentially mixed by people with little to no formal training resulting in varying levels of accuracy and consistency. Manufacturers are not required to report the ingredients in their products. It is therefore not surprising that 13.6% of teens reported they do not know what ingredients are in their ECs, whereas 13.2% disclosed that nicotine was in their ECs and 66% reported that their ECs contain only flavoring (Miech et al., 2017) .
It is estimated that EC advertising reaches as many as three-quarters of American Youth (Singh et al., 2016) . The influx of advertising may not provide consumers, in particular adolescents, or healthcare providers with sufficient information to make informed choices. There are some perceptions about the use of EC which may influence adolescents and adults to either switch from tobacco cigarettes to EC or begin EC use. Some of these perceptions include, but are not limited to, that ECs are a healthier alternative to tobacco cigarettes, ECs are effective in promoting smoking cessation, and EC liquids do not contain nicotine (American Lung Association, 2017) .
Because ECs do not contain tobacco, consumers often assume that ECs are a healthier alternative to tobacco cigarettes. The Centers for Disease Control and Prevention (CDC) recently reported that among current persons who use ECs, their use is viewed as healthier than smoking, with 22% of persons using ECs having recently switched from tobacco because of health concerns (Schoenborn and Gindi, 2015) . Unfortunately, there are insufficient data available to determine if the health risks of using ECs are truly less than using tobacco cigarettes, and ECs may, in fact, result in new chemical exposures and negative health effects (Cai and Wang, 2017; Johnson et al., 2017) . Further, teens who use ECs are 30% more likely to start smoking tobacco cigarettes (Leventhal et al., 2015) .
It is commonly thought that use of EC is an effective method to promote tobacco cessation. However, the support for this claim is mixed. In a study of over 6000 Italian men over a period of 12 months, researchers reported that EC did not aid smoking cessation (Gorini et al., 2017) . They further reported that in the study group using methods other than ECs, subjects were almost twice as successful in quitting smoking (Gorini et al., 2017) . However, in another study regarding relief of smoking abstinence symptoms, researchers used a within-subject design to study the use of nicotine ECs and placebo ECs in 28 subjects. They concluded that the nicotine EC was comparable with nicotine replacement therapy in reducing abstinence symptoms (Perkins et al., 2017) . Additional research is needed to determine the relationship between EC and smoking cessation; however, the addictive portion of EC, nicotine, remains a key component to this issue.
There is little research on e-liquid nicotine concentration from domestic manufacturers. However, limited research outside of the US found wide inconsistencies between the labeled concentration of nicotine in e-liquids and the actual nicotine concentration of the product . Additional studies analyzing the toxicological profile of EC solutions found that nicotine levels in these products may reach unsafe levels (Hahn et al., 2014) . Because nicotine is both addictive and toxic in relatively small doses, it is important that concentrations of nicotine be at safe levels and accurately labeled on e-liquid bottles.
Inaccurately labeled low nicotine concentration in eliquid may lead consumers to believe they can consume a larger amount of e-liquid without fear of overdosing on nicotine. However, due to possible varying levels of labeled nicotine from seller to seller, the next bottle purchased may have a higher amount, and, once consumed at the usual rate, may cause unexpected adverse effects. An inaccurately high nicotine concentration may have an even greater impact on the consumer. Potentially lethal doses due to an accidental mixing mistake are possible, given the availability of extremely concentrated nicotine (>150 mg/mL) in local mixing shops.
In an attempt to self-regulate, a volunteer organization of e-liquid manufactures created the American E-Liquid Manufacturing Standards Association (AEMSA) with the purpose of ''creating responsible and sustainable standards for the safe manufacturing of e-liquids'' (AEMSA, 2015, p. 3). Among the several standards that AEMSA promotes is accuracy of nicotine content in e-liquid products. This includes confirming the accuracy of nicotine content of base mix products from suppliers before the creation of the final eliquid product, certification standards for measuring equipment, maximum allowable nicotine content of 36 mg/mL in the final product, and a tolerance level within AE10% of labeled nicotine content. Members are held accountable to these standards and will lose their certification if found out of compliance. While the effort to self-regulate is laudable, most manufactures find little incentive to join AEMSA at this time.
Many healthcare providers are unaware of the differences between smoking tobacco cigarettes and EC use. Healthcare providers must be informed and able to share accurate information about possible health risks of EC, including the risks inherent in a solution that is mixed without adequate safeguards to ensure accurate levels of nicotine in the e-liquid.
Therefore, the purpose of this study is to compare the labeled nicotine amount on e-liquids with their measured nicotine content.
METHODS
The 7 most popular online manufacturers or distributors of e-liquids were selected using a Google search using the key words vape juice, e-juice, electronic cigarette, e-cig juice, and e-liquid. Manufacturers of EC identified from the search were then categorized by Alexa page rankings. Alexa rankings are calculated based upon the number of unique visitors to a web page on a given day over a 3-month period (Alexa.com, 2017). E-liquid samples of the 5 most popular flavors from each manufacturer or distributor were purchased online in nicotine concentrations of 0 and 18 mg/mL. Of the samples purchased (n ¼ 70), all were labeled as produced in the US. During the purchase process, each of the manufactures required the purchaser to check a box or provide a birth date to verify the age of the customer. The researchers anonymized the samples before sending them to an independent university laboratory for testing.
The nicotine content in the e-juices was measured by weighing an aliquot of e-juice (2 mL) in a vial, adding methanol (1 mL) to it and weighing it again. These samples were then delivered to an independent laboratory which analyzed the samples using high-performance liquid chromatography. The nicotine content in the e-juices was calculated by using a calibration curve established by standard nicotine samples. The nicotine content in the e-juices was calculated using the density of the e-juices, found by weighing 1.00 mL of e-juice. The density of methanol (0.792 g/mL) was used for the density of the sample. The nicotine detection limit was 0.01 mg/mL and quantification limit was 0.05 mg/mL.
RESULTS
The e-juice data including the nicotine content labeled by the manufacturer and the measured nicotine concentrations are summarized in Tables 1 and 2 . In the 35 samples labeled 0 mg/mL, nicotine was detected (trace: >0.01 mg/mL) in 91.4% of the samples (range 0.01-23.9 mg/mL; M ¼ 2.9, SD ¼ 7.2). Six samples from 2 manufacturers labeled as 0 mg/mL were found to contain nicotine in amounts ranging from 5.7 to 23.9 mg/mL. In the samples labeled 18 mg/mL, only 37% were within the AEMSA recommended AE10% of the labeled nicotine content. More concerning, nearly a quarter (23.6%) of tested samples exceeded the AEMSA recommended range by greater than 20%. Surprisingly, several 0 mg/mL samples were found to have levels of nicotine higher than many of the samples labeled with 18 mg/mL. Four out of 5 samples labeled 0 mg/mL nicotine from Mount Baker Vapor were nearly identical to their nicotine-containing counterparts, with an average 22.4 mg/mL content (samples 15-18). Vista Vapors also had 2 samples labeled 0 mg/mL nicotine, which were measured to contain 5.67 and 8.11 mg/mL each (samples 31, 32).
DISCUSSION
Electronic cigarettes and their components are a relatively new industry with an unknown potential for severe health consequences (US Food and Drug Administration [FDA], 2013) . This study investigated the accuracy of e-liquid in popular US manufacturers. Researchers identified that nicotine levels of e-liquids varied considerably from the labeled amount.
Electronic cigarettes are often seen as a healthier alternative because they do not contain the carcinogens associated with tobacco products. In this study, e-liquid labels were found to be inaccurate; in particular, those labeled 0 mg/mL nicotine. This is important because as previously discussed, 66% of teens reported that they were using only flavored e-liquid without nicotine. The findings from this study suggest that as many as 17% of those teens may be consuming a significant amount of nicotine. This is of particular concern because nicotine has serious effects in the health of children under the age of 18. Teens in particular are adopting the use of EC at a fast growing pace. Inaccuracy of labeling, therefore, is a particular concern in this population.
Mislabeling of nicotine content is also a significant concern when the goal is smoking cessation. Persons who wish to quit smoking may be consuming larger amounts of nicotine than they intended. Nicotine, even in small doses, has potent addictive side effects (Mishra et al., 2015) . As a result of the addictive properties of nicotine, persons who use EC as a method to quit smoking may experience dependence symptoms. An example of this is reported in a study of 131 persons who use ECs; they found that the nicotine dependence score was significantly higher than tobacco smokers' nicotine dependence score (Johnson et al., 2017) . This study identified discrepancies between labeled and measured nicotine content of e-liquid in the most popular US manufactures. These findings were similar to results of other studies conducted in several countries (Goniewicz et al., 2013; Cheng, 2014; Hahn et al., 2014; Davis et al., 2015; Farsalinos et al., 2015; Kim et al., 2015) .
This study did not identify the cause of the discrepancies; however, it is important to note that none of the samples tested in this study were produced from AEMSA-certified manufacturers. The cause of these discrepancies could be related to cross-contamination, mislabeling, or simply mishandling of the measuring and mixing process. Due to the inaccurate labeling of e-liquids and the potential for severe health risks for the consumer, regulation of EC is recommended.
On August 8, 2016, the US (Food and Drug Administration, 2016) introduced regulation that deemed EC and their components, including e-liquid, as tobacco products (2016). As part of the new rules, e-liquid manufacturers will be required to register with the US FDA and apply for a license to produce each flavor and nicotine concentration of their eliquids. This process will require the listing of each ingredient along with its quantity and health effects. Failure to follow these regulations, including the accurate reporting and labeling of nicotine concentrations in e-liquid solutions, could result in significant fines and penalties. These regulations are similar to laws several other countries have enacted to protect the consumers of ECs and its e-liquid refill solutions. The findings of this study support the need for federal regulation of ECs.
Limitations
While this study compared the labeled versus measured nicotine in e-liquids, there are some limitations. There are many other chemicals in e-liquids that may affect consumer's health that this study did not analyze. Additionally, a random sample of a subset of the most popular manufacturers in the US was studied. Information about the manufacturers (years in operation, location, company size, consumer base, etc) was also not collected as part of the study. The sample size was The 35 e-juices labeled 18 mg/mL nicotine were found to contain between 11.6 and 27.4 mg/mL (M ¼ 18.7, SD ¼ 3.3) nicotine. The per cent deviation ranged from À35.6% to 52.2% (M ¼ 4.2%, SD ¼ 18.4), meaning that the e-juices labeled with 18 mg/mL nicotine had as little as 35% less nicotine and as much as 52% more nicotine than labeled. Assuming a tolerance level of AE10%, 13 samples (37%) were within this range and 22 samples (63%) exceeded this range. small (n ¼ 70), but larger than previous studies done outside the US . This study also did not measure eliquids mixed in small retail shops or by the consumers themselves.
Recommendations for future research
Future research is needed on the labeled versus measured nicotine levels in retail stores selling and mixing eliquids locally. Research addressing other chemicals used to flavor e-liquids also needs to be conducted. In addition, healthcare provider and consumer perceptions of nicotine content in e-liquids need to be explored. Finally, long-term studies on the health consequences of e-cigarette use are needed, similar to previous research on traditional tobacco products.
CONCLUSIONS
This study demonstrated there is a disparity between the labeled and measured content of nicotine in e-liquids in the US. These findings support the recent regulation changes enacted by the US FDA to require manufacturers to comply with standards to ensure accuracy of labeling. Additional routine testing of nicotine concentrations should be conducted to evaluate the effectiveness of these regulations on future eliquid production. Practitioners need to be aware patients who report e-cigarette use may be consuming nicotine in uncertain quantities with potentially serious adverse health effects.
